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I
nsights into virus–host cell interac-
tions as uncovered by Randall et
al. (1) in a recent issue of PNAS
further our understanding of the

hepatitis C virus (HCV) life cycle, per-
sistence, and pathogenesis and might
lead to the identification of new thera-
peutic targets. HCV persistently infects
180 million individuals worldwide, caus-
ing chronic hepatitis, liver cirrhosis, and
hepatocellular carcinoma. The only ap-
proved treatment, combination therapy
with IFN-� and ribavirin, targets cellu-
lar pathways (2); however, a sustained
virologic response is achieved only in
approximately half of the patients
treated. Therefore, there is a pressing
need for the identification of novel
drugs against hepatitis C. Although
most research focuses on the develop-
ment of HCV-specific antivirals, such as
protease and polymerase inhibitors (3),
cellular targets could be pursued and
might allow the development of broad-
spectrum antivirals (2).

Because of the lack of HCV cell cul-
ture models, initial studies on HCV–
host cell interactions used expressed or
purified proteins. The impact of host
cell proteins on HCV replication and
entry could be studied after the devel-
opment of the HCV replicon system
(reviewed in ref. 1; see also ref. 4) and
pseudoviral particles (5), respectively.
Both systems were originally developed
in the human hepatocellular carcinoma
cell line Huh7. Randall et al. (1) investi-
gated for the first time the biological
relevance of a panel of putative cellular
HCV interacting factors, identified in
the described experimental systems and
the current study, for the complete viral
life cycle using a recently developed
HCV genotype 2a (J6/JFH1) cell culture
system (6), which uses the Huh7-derived
highly permissible cell line Huh7.5 (7).
After silencing of individual cellular
proteins by using experimental RNA
interference (RNAi) (Fig. 1A), Huh7.5
cells were infected with J6/JFH1, and
the resulting HCV infectious titers were
compared (1). Silencing of a total of 26
cellular host proteins modulated produc-
tion of infectious HCV by at least
3-fold; silencing of 25 of these proteins
decreased HCV infectious titers by as
much as 42-fold, indicating their sup-
portive role for HCV replication, assem-
bly, release, or viral entry. Although the

antiviral effect of silencing HCV inter-
action partners appeared to be moder-
ate compared with direct silencing of
HCV (�230-fold decrease in infectious
titer), targeting of the same interaction
partners by, e.g., small-molecule inhibi-
tors or specific antibodies might result
in increased antiviral efficacy. Thus, an-
tibody-mediated blocking of the HCV
coreceptor CD81 was shown to prevent
infection with HCV (8) compared with
an only 11-fold decrease in infectious
titer after silencing (1). Such differences
could be explained by the fact that in
the experimental setup used (1), host
protein expression is influenced not only
by silencing efficacy but also by transla-
tion levels and turnover of these pro-
teins, and possibly by regulation caused
by HCV infection. On the other hand,
moderate impacts on the HCV infec-

tious titer after silencing of presumably
important HCV interacting partners,
such as the cellular peptidases involved
in HCV processing (SEC11L1 and
HM13), could be caused by redundancy
of cellular proteins used during the
HCV life cycle. Such phenomena could
also explain why 36 putative HCV inter-
acting partners did not substantially in-
f luence the release of infectious HCV
particles.

Excitingly, Randall et al. (1) discov-
ered that the RNAi machinery exerted
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Fig. 1. Impact of host cell factors on production of infectious HCV particles: study design and results
reported by Randall et al. (1). (A) Silencing of 62 host cell proteins by experimental RNAi. Small interfering
RNAs (siRNAs) were transfected into Huh7.5 cells. Target mRNA is cleaved by cellular RNA-induced
silencing complex RISC due to perfect sequence match to bound siRNA (9). Huh7.5 cells were infected with
J6/JFH1 HCV viruses at 24, 48, or 72 h after transfection. HCV infectious titers in cell culture supernatants
and intracellular HCV RNA levels were determined 48 h after infection. (B) Silencing of seven components
of the miRNA biogenesis/RNAi pathway by experimental RNAi and depletion of miR-122. miRNAs such as
miR-122 are transcribed as primary miRNAs (pri-miRNAs) and cleaved by Drosha (cofactor DGCR-8) in the
nucleus. After nuclear export, the resulting pre-miRNA is processed by Dicer to form an miRNA duplex.
Mature single-stranded miRNAs commonly bind their target mRNAs at several sites close to their 3� end
with imperfect match, resulting in assembly of RISCs and translational repression (14). HCV RNA contains
two putative miR-122 binding sites in the untranslated regions (15); however, the mode and implications
of miR-122 binding are unclear. Components targeted by Randall et al. are indicated by red flashes. Red
boxes show the approximate resulting decrease in HCV infectious titers.
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a proviral effect on the HCV life cycle
because silencing of Dicer and compo-
nents of the RNA-induced silencing
complex RISC (Argonaute proteins
EIF2C1–4) decreased HCV infectious
titers (Fig. 1B). This adds strong evi-
dence to the hypothesis that mammals,
in contrast to plants and invertebrates,
might not use RNAi as an innate anti-
viral defense mechanism (9–11). Previ-
ous findings supporting this hypothesis,
specifically the absence of siRNAs and
RNAi inhibitors during viral infections
of mammalian cells (12), were also con-
firmed in the work of Randall et al. A
likely explanation for this proviral effect
of RNAi components could be their use
in microRNA (miRNA) biogenesis (Fig.
1B) (11, 13, 14), given the demonstrated
dependence of HCV on the liver-specific
microRNA miR-122 (1, 15). This hypothe-
sis is supported by the finding that si-
lencing of Drosha or DCRG-8, specific
for miRNA biogenesis (Fig. 1B), re-
sulted in a similar decrease in the pro-
duction of infectious HCV particles as
silencing of the downstream components
common for miRNA biogenesis and
RNAi (1).

miRNAs are conserved 21- to 23-nt
noncoding RNA molecules regulating
gene expression at the posttranscription
level in plants and animals (14). Their
sheer abundance suggests that interac-
tions between viruses and miRNAs
might have evolved. Particularly, herpes

viruses express miRNAs to regulate
their own and possibly also host gene
expression (11, 12). As an RNA virus
with a cytoplasmatic life cycle, HCV
apparently does not encode miRNAs

(1, 12); however, HCV is so far the only
virus for which a dependence on an
endogenous miRNA has been demon-
strated (1, 11, 15). While a direct inter-
action of miR-122 with the 5� UTR of
HCV seems to be important for HCV
genotype 1 replication (15), Randall et
al. (1) show the importance of miR-122
for the entire viral life cycle of genotype
2 (Fig. 1B). The mechanism of this
interaction remains unknown. Alterna-
tively to a direct role for HCV replica-
tion, miR-122 could be sequestered
from its targets by physical interaction
with HCV genomes; indeed, HCV repli-
cation has been shown to increase the
expression of genes involved in choles-
terol biosynthesis, which are modulated
by miR-122 and thought to be of impor-
tance for the HCV life cycle (reviewed
in ref. 1).

Liver-specific factors necessary for the
HCV life cycle could be determinants of
HCV liver tropism. By detailed miRNA
profiling, Randall et al. (1) show the
liver-specific miR-122 to be the most
predominant miRNA in human liver
and in cultured Huh7.5 cells, as previ-
ously suggested by studies of human, rat,
and mouse liver and Huh7 cells (15–17).
Facing the differences observed between
miRNA profiles of human liver and
Huh7.5 cells (1), it should be empha-
sized that the currently available HCV
cell culture models use a tumor cell line
differing from normal hepatocytes.
Thus, the biological relevance of results
generated in these systems should ulti-
mately be verified in primary hepato-
cytes and in vivo. Interestingly, analysis
of Huh7.5 cells containing an HCV ge-
notype 1b replicon showed that HCV
replication differentially regulated the
cellular miRNA environment (1), as al-
ready demonstrated for the mRNA
and protein environment in replicon-
containing cells and in vivo (18–23). Mi-
croarray and proteomics studies of
HCV-infected Huh7.5 cells would com-
plete the picture of this aspect of com-
plex virus–host interactions. Finally, as
soon as cell culture systems for the six
major HCV genotypes become avail-
able, it would be interesting to study
genotype-specific interaction with host
cell proteins.
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There is a pressing need
for identification of drugs

against hepatitis C.
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